Global warming and climate change will trigger major changes in geographical distribution and population dynamics of insect pests, insect -host pant interactions, activity and abundance of natural enemies, and efficacy of crop protection technologies. Changes in geographical distribution and incidence will affect both crop production and food security. Insect pests presently confined to tro pical and su b tro p ical regio n s w ill m ove to temperate regions along with a shift in the areas of production of their host plants, while distribution and relative abundance of some insect species vulnerable to high temperatures in the temperate regions may decrease as a result of global warming. The relative efficacy of pest control measures such as host-plant resistance , natural enem ies, b io -p e sticid e s, and syn th etic chemicals is likely to change as a result of global warming and climate change. There is an urgent need to assess the efficacy o f va rio u s p e st m a n age m e n t te ch n o lo g ie s u n d e r d iv e rse environmental conditions, and develop appropriate strategies for pest m anagem ent to m itigate the adverse effects of clim ate change.
INTRODUCTION
Insect pests cause an estimated annual loss of 13.6% globally, and the extent of losses in India has been estimated to be 17.5% (Dhaliwal et al. 2010) . The pest associated losses likely to increase as a result of changes in crop diversity and clim ate change. Climate change and climate variability will have major implication for water availability forest cover, biodiversity, crop production, and food security ( Fig. 1 ) Changes in rainfall pattern are of greater importance for agriculture than the annual changes in temperature, especially in regions where lack of rainfall may be a limiting factor for crop production. Geographical distribution of tropical and subtropical insect pests will extend along with shifts in the areas of production of their host plants, while distribution and relative abundance of som e insect species vulnerable to high temperatures in the temperate regions may decrease. High mobility and rapid population growth will increase the extent of losses due to insect pests. Current estimates of changes in climate indicate an increase in global mean annual temperatures of 1°C by 2025, and 3°C by the end of the next century, and the date at which an equivalent doubling of C 0 2 will be a ttain e d is e stim ated to be b e tw ee n 2025 and 2070, depending on the level of emission of greenhouse gasses (IPCC 1990; Crowley 2000) (Fig. 2) . Mean annual temperature changes between 3 and 6°C are estimated to occur across Europe, with greatest increases occurring at high latitudes.
Arthropods (insects, spiders, and mites) are the most diverse group of organisms, which can serve as useful indicators of the effect of global warming and climate change on different agro e co sy ste m s (Table 1) . A rth ro p o d s are th e m o st diverse component of terrestrial ecosystems and occupy a wide variety of functional niches and m icrohabitats (Kremen et al. 1993) . R esp o n se s of a rth ro p o d s to p o llu tio n d e p en d on both temperature and precipitation in such a way that ecosystem-wide adverse effects are likely to increase under predicted climate change (Zvereva and Kozlov 2010) . Consequences of temperature increases of 1 to 2°C will be comparable in m agnitude to the currently seen climate change in the Antarctic (Bokhorst et al.  2008 ). Speciation takes betw een 100 and 1,000,000 years, providing between 10 and 10,000 new species per year, and 99.9% of all species that ever lived have become extinct. We are now living through the sixth extinction spasm, which is largely driven by human activities. The current extinction rates are 100 to 1,000 times greater than what has happened earlier. 
EFFECT ON GEOGRAPHIC DISTRIBUTION AND POPULATION DYNAMICS OF INSECT PESTS
Low te m p e ra tu re s are o ften m ore im p o rta n t th an high temperatures in determining geographical distribution of insect pests. Increasing temperatures may result in a greater ability to overw inter in insect species lim ited by low tem peratures at higher latitudes, extending their geographical range (EPA 1989; Hill and Dymock 1989) . Spatial shifts in distribution of crops under changing clim atic con d itio n s w ill also influence the distribution of insect pests in a geographical region (Parry and Carter 1989) . However, whether or not an insect pest would move with a crop into a new habitat will depend on other environmental conditions such as the presence of overwintering sites, soil type, and m oisture e.g., pop ulations of the corn earworm {Heliothis zea (Boddie) in the North America might move to higher latitudes/altitudes, leading to greater damage in maize and other crops (EPA 1989) . For all the insect species, higher temperatures, below the species' upper threshold limit, will result in faster development, resulting in rapid increase of pest populations as the time to reproductive maturity is reduced. In addition to the direct effects of tem perature changes on development rates, increases in food quality due to plant stress m ay result in dram atic increases in grow th of insect pest populations, while the growth of certain insect pests may be adversely affected (Maffei et al. 2007 ). Pest outbreaks are more likely to occur with stressed plant's as a result of weakening of plants' defensive system , and thus, increasing the level of susceptibility to insect pests. Global warm ing will lead to earlier infestation by H elicoverpa arm ig era (Hub.) in North India (Sharma 2010) , resulting in increased crop loss. An increase of 1 and 2°C in tem perature w ill cause northw ard sh ifts in the potential distribution of the European corn borer, O strinia nubilalis (Hub.) of up to 1,220 km, with an additional generation in nearly all regions where it is currently known to occur (Porter et al. 1991) . Overwintering of insect pests will increase as a result of climate change, producing larger spring populations as a base for a build-up in numbers in the following season. Many insects such as Helicoverpa spp. are migratory, and therefore, may be well adapted to exploit new opportunities by moving rapidly into new areas as a result of climate change (Sharma 2005) . 
EFFECTS ON POLLINATORS

EFFECTS OF CLIMATE CHANGE ON PEST MANAGEMENT
Effects on expression of resistance to insect pests. Host plant resistance to insects is one of the most environmental friendly components of pest management. However, climate change may alter the interactions between the insect pests and their host plants (Sharma et al. 2012b ). Resistance to sorghum midge, observed in India, breaks dow n un d er high h u m id ity and moderate temperatures in Kenya (Sharma et al. 1999 ). There will be increased impact on insect pests which benefit from reduced host defenses as a result of the stress caused by the lack of adaptation to sub-optim al clim atic conditions. Problems with new insect pests w ill occu r if c lim a tic ch an g e s favor the introduction of non-resistant crops or cultivars. The introduction of new crops and cu ltivars to take advan tage of the new environm ental con d itio n s is one of the ad ap tive m ethods suggested as a possible response to climate change (Parry and Carter 1989) .
Insect -host plant interactions will change in response to the effects of C 0 2 on nutritional quality and secondary metabolites of the host plants. Increased levels of C 0 2will enhance plant growth, but may also increase the dam age caused by some phytophagous insects (Coviella and Trumble 1999) . The effects of increased atm ospheric C 0 2 on herbivory w ill not only be species-specific, but also specific to each insect-plant system. Increased C 0 2may also cause a slight decrease in nitrogen-based defenses (e.g., alkaloids) and a slight increase in carbon-based defenses (e.g., tannins). Lower foliar nitrogen due to C 0 2 causes an increase in food consumption by the herbivores up to 40%, while unusually severe drought increases the damage by insect species such as spotted stem borer, Chilo partellus (Swin.) in sorghum (Sharma et al. 2005) .
Effect on effectiveness of transgenic crops. Environmental factors such as soil moisture, soil fertility, and temperature have strong influence on the expression of Bt toxins in transgenic plants (Sachs et al. 1998) . Cotton bollworm , Heliothis virescens (F.) destroyed Bt cottons due to high tem peratures in Texas, USA (Kaiser 1996) . Similarly, H. armigera destroyed the cotton crop in the second half of the growing season in Australia because of reduced production of Bt toxins in the transgenic crops. Possible causes for the failure of insect control may be: inadequate production of the toxin protein, effect of environm ent on transgene expression, locally resistant insect populations, and developm ent of resistance due to inadequate m anagem ent (Sharma and Ortiz 2000) . It is therefore important to understand the effects of climate change on the efficacy of transgenic plants for pest management.
A ctivity and abu n d an ce of natural e nem ies. Relationships between insect pests and their natural enemies will change as a result of glo b a l w arm in g, resu ltin g in both increases and decreases in the status of individual pest species. Changes in temperature will also alter the timing of diurnal activity patterns of different grou ps of insects, and changes in interspecific interactions could also alter the effectiveness of natural enemies for pest management {Hill and Dymock 1989). Quantifying the effect of clim ate change on the activity and effectiveness of n atu ral e n e m ie s w ill be a m ajo r co n ce rn in fu tu re pest management programs. The majority of insects are benign to agro-ecosystems, and there is much evidence to suggest that this is due to population control through interspecific interactions am ong insect pests and their natural enem ies (pathogens, p arasites, and p red ators). O rie n tal arm yw orm , M ythim na separata (Walk.) populations increase during extended periods of drought (w hich is d etrim en tal to th e natural enem ies), followed by heavy rainfall (Sharma et al. 2002) . Aphid abundance increases with an increase in C 0 2 and temperature, however, the parasitism rates remain unchanged in elevated C 0 2 Temperature not only affects the rate of insect development, but also has a profound effect on fecundity and sex ratio of parasitoids (Dhillon and Sharma 2009 ). The interactions between insect pests and their natural enem ies need to be studied carefully to devise a p p ro p ria te m e th o d s fo r u sin g n atu ral e n em ies in pest management.
Bio-pesticides and synthetic insecticides. There will be an increased variability in insect dam age as a result of clim ate change. Higher temperatures will make dry seasons drier, and conversely, may increase the amount and intensity of rainfall, making wet seasons wetter than at present. Current sensitivities on environm ental pollution, human health hazards, and pest resurgence are a consequence of im proper use of synthetic in se c tic id e s (Sharm a 2 0 1 2 a ). N atu ral p lan t p ro d u cts, entomopathogenic viruses, fungi, bacteria, and nematodes, and synthetic pesticides are highly sensitive to the environm ent. Increase in temperatures and UV radiation, and a decrease in relative humidity may render many of these control tactics to be less effective, and such an effect will be more pronounced on natural plant products and the biopesticides. Therefore, there is a need to develop appropriate strategies for pest management that will be effective under situations of global warming in future. Farm ers will need a set of pest control strategies that can produce sustainable yields under climatic change.
CONCLUSIONS
The relationship between the inputs costs and the resulting benefits w ill change as a result of changes in insect-plant interactio ns. This w ill have a m ajor b e arin g on e co nom ic thresholds, as greater variability in climate will result in variable im p act of pest d a m age on cro p p ro d u ctio n . In creased temperatures and UV radiation, and low relative humidity may render many of these control tactics to be less effective, and therefore, there is a need to address these issues on an urgent basis for sustainable crop production and food security.
